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ABSTRAQY

In aay tose bomdiag mansuver in which sight 1ine and flight 1ine prier
40 pull.up do aot coincids, sn impact error results, The amount of thie error
per mil of efxht error ie civen by Bquation (2) or Pigure 2. The error may de
corrected with the ¥PI afd juetmezt dial by an amonnt datcrmined fram Equation (9)
or Yigare 3.

Sight nisaiizimeats depend on (a) the fized orientation of the eight
with respect to the sirplane, and (b) the orisntaticn of the airpl=ne with re-
mect to 1te filght 1ine. The latter 1s the angle of attack, wvhich 1e increnced
Yy - decremue in either Aive angls o alr speed, and thersfore varies consifer-
adly singe decresses in Alve aunrle ars usually accompanisi by decreesss ia air
meed, Differsnces in ansle of ettsck may be determined from Xquation (1%) or from
the nomogrem o Pigure 5.

If the effect of m sight =lenlignment 1e comteracted »t somé mesn value
of altitule, dive angle, and alr speed, by an XPI sdjustment 8Tc /72 . the me
nact errer at anothsr altitude, dive ansle, r alr speed 1 the slgedraic smm
of that due to (k) the difference betveen the anglei of attack at the mesn vnlue
ond second valus of dive angle and alr speed, (1) the sight error for whish adjust-
ment vae mads, end {&) the ATz / T adjustuent 1tself. BEvrsre (d) and (o)
are 1o oppoeita d irections and partinlly offesi each other, whereas (a) may affect
the rasult connideradly in either directioa.

When the sight line s bYelow the flight lins, wush graester domdiag so-
cweacy 12 schieved by a fixed rendjustment of the sight.iteslf then by an WL
atjus.ment. Under certain conditiocns it may be advantegeous $0 overadjust the
_sight eomswnai, bringimg sight ilne atove flight line, and currecting the ro-
wlting eleal'gment by 8 A Tc /7¢ sdjusteent,

J¥TROD CRIQE

In tosy bombing, the Z1ight path of the eirplane Defere pull-wp e
stoumed t0 bde a onllielon coures, 1.e,, A strrizht path directed toward the ter.
got. Since the 11ght path ie datermined in practios by neans of a oight vhioh
i kept fixed or the target, the sotunl path ecan e a collisicn course only if
the nlans constantly flies rlong the sight line.

N Sixht mienlignments may ariss from the fact that for any mireraft the
vight is uaanlly adfusted $o Be ocorract for shooting of he sachine gune. Thie
rdgustasnd e nct suitedle for bombde. 2incs Dombe leave the aireraft in . diree-

GONHDENTIAL
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tion tangent to She flight path, whils dullets, bdecauss of their high muxsle
velo2ity, leave in $he dirsction in which the zuns ars pointing. Differences
between the eight and flight lines aay also oocur as » result of variations in
the angle of atinck, wvhich for any typu of plane depends on ite weight, veleo-
ity, and dive angle. 7The srrors resulting fros such misalignments, snd weans
of correeting them, forma the sublzct of thie paper.

- Pigare 1 repressats the fiight of plane and Lomd for the case.in whioh
the 1ine c¢? £141shS mekes a aonatsnt rngle ¢ with the sizht 1line, the sight deing
Xopt £1zad on the target N/ until pull-up, The vectors merked 4 Tepresamt ia-
stantrneous directions of tie sight line, dirsctod toward the target; those
warked § , making »n angle ¢vith the 4 —vesotors, represent the correspoadisg
instantrneous directione of flight. It will be noted thet the path,{'o is
sl{ghtly concave wpward; 1t would be concave dowaward if ¢ had ths opposite
senve, Yor sanll angles ¢ , howevsr, Fery 1ittle smarifice of accurrcy resulte
from masuming that arc AP 1s straight,

IfA 1s the firat altitude pcint, Shs values of dive mgle (OA)
time-to~target (7:) , and atrepsed( {/), which are fed into the computer ere
deterained dy conditione along AC , assuming that the dive angle gyro is slignod
with rempect to flight l1ine, Barring other srrora, thersfore, the relense time
Te(= SP/V ) vill e oo detersined as to cause a hit at M , on the extencioa
of AO . the corrssponding slant rengs OH deing S = V-Te . The hori.
zontal impact arror dus to the misalignment 28 § .'("’“H

The angle 19 corsidered positive vhen the night line iu sdove $he
flight line, and the srror § positive when it reprasents -a impact bsyond the
target, In Pigure }, ¢ is poeitive and S negative.

DPAQT EEROR RESULTING FRON SIOEP MISALIONMEK: ¥

The exact relstion betwesn P and J 1 obtained at oncs by mppiication
of th: eine lav to triangle OH K}

-5:5 M¢/M(¢'¢)=S/Md(m¢’aozd)a (1)
When I" 18 emall compared vi.th g § ® closes spproximntion e

§ = -Sg/ainot on-5/g S cac &

(")

¢twiny in redians. The amount by which {7) {a in error as cooared to the axact
exnraseion (i), ta #ivan nprroxinately by the ratio 4/‘ : thus for g’ values
o to 1% or 17 mils, (R) 18 acrurate tce within 5% for oL ~s smrll =g , sn® to
within 106 for & = 10°.

Pirure 7 is » onntour seu, in POlsr cn-orfin-tesx, of the relstion He-
twoen & and @ corrampening to sevora) fixed valuee of the ratio — ,
beins the irpact arTor oaused by wight arror ¢f . The correspont rec-
tsieular nonrdinstes of nointa on these curves sra the horisontal range(Scpdct)
and second nltivnde  Ka & S0ivd): hence the cwrves uay be considered plotor-
1m1ly »s the locl of spAtin]l releaes soinde corresponding %o givem "é;/f- the
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target bdeing at ths orizia. The value of-J /¢ for a given reolesss point may

ba obiained by interpeintion bdetwsen conssculive curves, o that Figure 2 1s ia one
sense n graph of-Sg/f ae a function of release point. (Ssveral sther coatew
nape of thie $ypa ara incluied in ¥his paper.

On uomverting (2) to rectanguler ccordinates, it becomes spparent Shat
the ourves of Pigura 2 are aros of eiralee vhich pass through the srigin, with
onten on t'u veriiocal axis and radit-% J’¢ / . @ Yeing ia rediane, or

It vill be notet that g, /g i {niependent of alr spesd
url-tp aoosleration,

Acoord to the exrot equatior (1), Jg 1s actuslly proportiomal, mot
to @, but to / ML P - Cotn), vhich d17fers significantly from ¢ fia radisas
vhen o and | P|” are of cowparadla magnitude, i.e., for very smll o or very
arge ¢ . The graph of Pigwe 2 therefora dacomes acourate for gll valwes of
o and ¢ 1f the “feet per mil® velues vith which the curves sre labeled ara

consitsred ae valuss, sot of-{‘/ Ponits dut of -100053 (COC¢ N Crtol)‘.
10% POR_S]0: T
The arror dus to lon-coucuueo of sight and flight lines would de
sliminsted, cauring o hit on the terget N’/ (Pig. 1), 17 the IO velus fed iate

the computer were adjusted to correspond to = Sarget at H'in-tod of H . This
would mesn a relativa increass & AT’/T (or a relativa decrease -/ T: /‘ﬂz.)

wee VAT = A1 » AT /Te = AR'/SH.

Applicetion of the sins law to the triangle H K, s
um-puon that the parabolio are k' H’ has negligidla c\tvutur 7t

VAT = -§ 4in(@ 1§ ) fain @y = -§ @ 2sm 3, (®

g

e, &, va ke : -9 Boma or

[+ S 6 )

Sk, = -S/® amd, U D)
vhon?‘é is the angzla hatveea Srajectory amd colligion course at thelr intersec—
tion,

pan (d+64) st O

= — = )
® dama s Gy % + el o (8)

Pormula (4] or 1ts equivalent hagc dean encomtered in every prodlem in-
volving corrsction of an {mpsct error. The valus of (3 in terms of 5, \V , &
and K (whers K’ s pull-up neounuo.)u isplied 2n Repert OD-ZP_105, Bqua.

* The negative sign in (4) holds only whea &, Tepresents the adjustment re.
quired to gffpet the arror ' . When it reprasenta that required to pro-
duge the ervor & , the sl of the right member of (4) fe positiva.



tioas (9), (3), wed (6):

@tk‘VK'tY;:;;'HaZ rm;c"(-"waﬁ)](’?ﬁb;)‘)t‘md/&‘ (sa)
= “"";K ma :
S RITEEY | (W/€+m)6)+44€.o\c¢co\, (sw)

wers L« 3 K - coa &, amd

Az‘%%.-z m A (7)

Substitation of (1) imte (4) gives the corresction required ts offest
& givea g

& = Vi% ® . Ut O rta ®
T TE Ttutg-ctd  r -t :

Again, vhea [ &/ 10 small cowpared withk 5 , a close spprozimation ie
&
3 ¢ c o

The acsuracy of (9) reletive to (6) 1s similer to that givem in the stasemeat fol..
lewing Gquation {(3).

A Tormuls sqaivaleat %0 (R) was slrendy derived ia Repert OD-2-40 fa the
ocourse ¢f & goneal discwssien of angles, .

Sauatien (9) mey Do mlved for G by eolving (60) for ¥) + 2 .£ amd ueing

the relatione & t{[(m)a.‘l S=4.y? K//‘g an &
he resull 1s

a ! ' |
5.53-/:;—; X -g—('f»s ¥) G0)

.

vhere

N : tam o m(',m)’l):q/g-mtmd-muWO\ (1)

Figurs 8 10 & contew sap, Based on (10), o2&, / G , as perceat-changs
ta T per mil of olght error, as a freetivx of relesse petat. K is held coostant
At the walwe 8, o varlation of &, /g VIL\ N Delag ¢%te emall, The range and
sisttuiie Sesias Iawolve i\ fae\:r 1) vilek (v W\idy shen \/'*350 ©® kants, Ia mocsrd-
esse with (10), whieh impites dNud ¢ verfey as V2 for fized &, /o and 2 , the
&r7ph 8y Vo used for my nif spesd |/ ¥ evkerituting = (V/380 knete) > . At
20 sad 000 Enete, v s /3 and 2, remciively,

Taatuaily 350 T8 ¢ 653.8 kmote.



As in the cnes of Figure 3, Pigurs S as such becomss imascourass for
very emrll CA or very largs ¢ , dut bscomss accurate for all X and @
17 the "% per mil" figurss given aro considered as values, mot of & /ﬂ g
bat of L000E, (bt B - Coll M. €/ T mils,

AccoMing to (9), Tigurs 3 may al® de interpreted as a coatowr mep
of ths much-used funotion (5 . Yhen used as such, the S par mil" figures
must bs reconverted into “units psr radian® by multiplication dy .01/.00F = 10.
The curvs mar¥sd 0.8% psr mil, for exmmpls, is as vell the locus of @ = A,

~

Figure 4 1s a contour mep, dased on (4), of '5‘:/% ,'w a function of
releass potnt, § . being the impaot error corrscponding e the change &, .
Prom Pigure 4 may be read 3he scount of displacemeat of the impact poimt per
peroent change in T. , both changss having the seme algedraie sigy. Ferther-
more, the reciprooa{s of ths/S5. /< /figures ox the curvss represent ths per-
csnt change in 7. required to offset sach foot of impsct error; »nd when o
interpreted, o and . have guposite algebralc signg. The graph 1s of a
Rmsral nature, applicabls not on)y to ths sight error predlem dut to all prod.
lems involvingz corrsction of an impact error by adjustment of T . The air
spsed faotor 7~ ( .7/350 kmots)™ 4s included in the range, altituds, and
ocontour scales.

By comparing eciuativas (2), (4), and (9), and noting that
(€. /NS /e ) - S$/@ + 1% 1s seen tirt for any givem releese point the
value of Ky / . ns given Yy Pigurs 2, 1is the product of the values of
E. /F ?.7+% 1a Pigure 3, and of Oc /%o ns in Pigure 4. The owrvos sf
Pigurs 4 heve doen oconstructed, not by solving (4) for S direectly — $his would
have yislded n set of cubio squrtions -~ dut rather from Figures 2 amd 2, Wy
deternining points of interscotion of owves in Figure 3 with oircles of appro-
printe redii similar to thoss in Figure 2.

VARIATION OF ANGLE OF ATTACK

Appliontion of the preceding section, and of Figurse 2 and 3, re-
quires $hat the value of the sight error (5 iur ary speoifio case, or at lesst
the d 1fference detwvesn & values for Swo epeoific cases, bs known. The effec-
tive sight srror, however, depends not only on ths fixed orientation of the
sight with roepest to the airplane, dut also on ths angie of attack, or orienta-
tion of the pline with respect to its flight 1ine., The varistion cof the latter
with alr speed and &ive rngle 1s sppreciabdle and muat be laken into mocount,

The angls of nttack ¢cx.io given by ths formule
_C wW(Csad _ *
¢o. - VE .
(12)

where W is the gross welsht of the plans, end C and knro constants for eny
one plaas., The wvalue of 4 also depends on the oholce of a reference line in
the airplsne, and for purposss of csrloulatinzs 44{fferencey in angles of atindk
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e PAY %08 *! O with 20 1030 of geuerality:

: O WCsa a ‘

1% 1o found gemarally that C has the same vRlue for »ll planes of a weries, ae
PEN.]1 a4 TEM.10,

The asmegrem of Pigure 5 gives $hls relative angle of atteck ¢aa . @8
tn (13), oa a fumctlaa of C, W, V and A . The onlidrations on linee ‘1, 13, Iv,
ot VI, m.mutmu m- valuae of 1u0 leg ¥, leg ¥, ond 16g Cod A,
regpeoctively, Poiate on lias III Rave deen pre-doternised for esch plame at “o aonin-
al welight ©, thus odvisting the use of linss I ond 11 whamever the greee woight ie
sporezimets y aoninal. .

Lizss II1 through VII have been 90 spaced that |V and <4 msy bo eatered
in either order. This propesiy is nluamtd by the sxmmple sppesring oa the
nomogram, The point oa line V marted "PEF. 355 kmete? may Yo jolmed with ceveral
peinte 1a Surn om lime VI to odiain P, en lho YIS for different dive smgles at
the fixed air speed; or the polat marked "P6P, 40°° may de Joined with peiate on
l1ias IV %o ebtain ¢a. for uff-nc nir spesis »t the fimed dive angle. The rel-
ative sonveniensde sf tha twe methode depende on vhetker one i toncernsd mors with
wariation of @Pa with dive sngls or with eir speed,

dsoarding te (13), the rxglec of attack, whlle indepeadient of range, it

. ineressed By a Lswrease ia sisher alir speed or dive aaple. Nemoe the ramge of

variatisn i ¢q' for any givea plane is vidensd ¥y the feot that doarenser in
4ive sagle are ia practioce vamlly acoompsnied by decrenses iz alr epeed.

AYTLIOATION OF PRRONY

The preowdiSag sections suggoet Swe nlternative methode of correcting for
oight miealignment at a givey range, 4ive angle, and air spesd: (a) direchs adjuss-
nent of ths gighi wntll flight and sight lines ocoincide; or (V) jategrater o4 just-
neat, i.¢., shanging Ty b7 a perosntage €, determined froam Pigure 3.

The adjustment roquired, however, depenie 1a sither cass on $he valuse
of G am Y , and 1a ense (3) on & a8 well. Bimce 1% 1s not fageidle %o
ke froqmt rodj-imh of efther type in any one plene, in practioce a fired
ad justewent must be madna, such as would complately offset the sighs error at some
chosen intermediate or modml valus of § , oA , »md IV . At other values an
fmpact srror will generslly result, the msgnituds of which depends on the method
uead —. a fixed sight sdjustment, a fixed integrator adjustment, or some combina-
tion of the two. The mont efficlent method ia of cowse the ons which minimizes tliis
impact diwpersion.

The folloviag exmepls illustirates the results of a fizxed intemrstor »d-
juswment: The sight installed im an PEY plame at nominal wvaight (12,400 1ds.) 13
nienligand by 20 mile at elant range § = 7500 feet, dive ancle & © 40°, and
air weed V 350 knote, A fixed porcnt‘rdjunamt in ‘T’ {e made in rn amount

* As odtained from OSRD Reports 264 (CIT/UNO 3), 2271 .2278 (CIT/UNC 4-8),
2R3 (CI®/MC 25), and 2347 (CIT/JIAC 2B).
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1t cuffiqlent to effset the -0 mil sight error at (S, & , V ), osusing
s hit, I8 1¢ assired to deteruine the resul ting impact srror at slaat range
s = 12,000 res3, dive angle oA, = 80", and air speed V,= 37 kmote.

Proz Pigure 3 the required percens-adjustment in /o per mil at 7000
foet, 40°, and 350 knote (Point$ ) 18 €. /¢ =0.705 per 11, so that for = -2
ails the fized adjustment 1s €, = -15,0%, In other words, unfer theee scmditiens
¢ 126 decreass 1n T, , by iteelf, would dispiace the impnct poimt b7 an smowmt
oqual and opposite to the d isplacement vhich would result from ¢ ~20 uil sight
arror alone.

At another runge, dive angle, and eir spesd thecte two displacasents,
while oppositely diracted, will generally be umequal in magnituds; and ia eddi.
tion, ths angle of attnok will genawrally be different., Thus the impect srrer
ot (S, . A, s+ V, ) ¥ill bo the slgebraic ou of three digplscement componente:
(a) thi d 4 Terence 4 gy detween the engles of ettack et (3 V) ant (o, )
{s a changs in eight error aad therefore csuses an impact displacementd_ ; (») the
original eight error ¢f « -20 sile, by iteelf, would remlt 1in a pooinn.(bqoﬂ-
target) impact arror . (¢) the edjustnent & = -16%, by iteelf, would give o
negative (lhort-of-.turtot; error Jc .

(a) The d1fference in nngle of atteck le determined from Figare 5. TFer
sn 76F plene at mominal weight, $hie momogram givee &, = 14.9 mile at o = o°,
V = 380 knots, and 8.5 ¢ mile at &, = 607, ¥ * 375 kmote. lcnu? a = -6.4 aile.
Dut froa Figure 2, at i, = 60° and § » 12,000 feet (Point Q), -J/ ¢ = ebeut
14 feet per nil, 50 thet the impact displacemert due to change in anglo of attaek
fe £, = 490 fear,

() From thie same ratio -é/d “14 feet per mil, 1t follows thet the
-30 mil eirht error in iteelf cexuese »n impact error & = 380 feet,

(c) Finally, at 12,000 feet, 60%, and 375 knots, the value of S /Sc
say be read from Pigure 4. Ae there defined, ) = (375/360)2x1.148, ec thai at
370 kuote, ,12,000 feet = X2 = 10,450 o feet, The poiat 9 determined
%y this slant range snd 48g, dive angle liee detveen the curvee merked 10m and
18, olightly nearer the latter, so that approximately §. /. = 13n T 14,9 ft.
por §. The -15.08 sljustaent in T, therefore dimplacee the impact point ¥y abeut
;c £ =290 feet. .

The resul dent impect error at (5' A ) 1o them
J;‘-&J’f& s 490 £280 220 x 4180 feet; (14)

1.0., the bomd may be sxpected to fail 150 feet deyoad the target umder the givaa
conditione.

The effeot of angle of eitack variation may de seem tv de or conelderebdle
{aporsance, If §\ wvers neglect:? ia thie sxample, (¥) and (o) aloune woul2 yield
an {apact error of 280 feet, or only 40% of that givex by (14), Quite cftem sven
the algedraic eiga ¢f the resul tant error RL changad By -this effect.

¢ Determined by extending line VII ans ysing lower extension soale.
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Aoccording %o the wording of the hysothesis, this sxample may at firet
sppear %o typify oaly the integrator adjuvetment msthed, But f the original mis-
alignment wvure given not ae -3D bat as -30 mils, of which 10 milc vere correctad by
a sizght adjustnent and the brlance by an integrrtor »djustzent, the eclution woulad
be 1dentical, yst the prodlem would appear wore gensrel, involving » condinstion
of elght and integrator adjustments, fﬂ‘ho abovs example illustrates the method of
doternination of the sxt mt to which a fized adjustment f2ils to offset & sight
nienrlignment at renges, dive ang'se, and air spsede vthar than ths centrrl value
for which the adjuatment is made. The mody and extent of varistion of this re-
eidusl impnot error with renge, dive angle, and rir speed is illuetrrted in Fig-
uree 8, 7 and 8, for both ths sight and integrator rdjustment methode and various
combinations of the two, In theee graphs are plotted the results of fixed =d-
Juetments ae dstermined s % eliminate co-glohl_y the sffect of ti¢ eight error
st the madal wnlues 3= 7550 fest, & * 40°, vy = 350 knots, ae in the exxwple
nbovs, They are dased on Figures 2 - B »nd on the formulas underlying thes, Ex.
planation of the derivation, serpretsticn, ~nd use of FPigures 6, 7, and 8 follows:

At & 2% and v =V , let @ Dbe thet portion of ths criginal sight error
vhich remaine aftsr any direct eight adjustment is nads; ¢ 1¢ then the error to de
offset by an integrator adjuetaent, If thie letter adjustasnt ooneiste of a change
in T¢ 1n the ratie S, . them by (9),

Ec =@ é, (18)

where (5) e the velus of @ whem {i—.g) qig zad VS-V" . Ae Geternined-in
the example, @ = 0.756 per mil,

At any other velue of S, ¢ , amd {/ , the error § on the greund ocon-
siete of thrse componente snalogous to those tettared (a), (D), (c), 1n the examslo
adove: {a) By (2) and (13), the 1spact dleplacement Cue to changs A @q 1» engle
of a%tack ie

J;_:-S A4, oo s -2 (Coed e o

s V2 VL (16e)

where O, W . Oh and V are knewn constantsn. (b) Agais by (2), that due to the
modnl eight error ¢# alone is ’ ]

c L
a¢,-’5‘¢u""‘ (16v)
le) Pinally. by (4) end (15). that due to the integrstor rdjustment &_alone lo.

.Sc g*SG‘/QMo{=“'S'¢'C/“-°‘ 0/® (15¢)
he resu'trnt evror ; is the sum cf (16a), (18b), »ne (18¢):

$<8,08, +8. 7 Sucalonoptnosa]

where dé‘ is o function of X and |/, and éh a conetant,



. Yhen the entire worrection 1s made through « gight adjustaemt, thea
# 3O and henoe § = . As given by {18a). Pigurs 8 1s a ~>ntour sep of
es a funotion of relemss point, for air speeds 3O < 35 knots, for an JEF pinne
(at nominal weight) whose asight fe nédjusted for o = 40° and  y = 700 bwots.
It v¥ill bde ncted Shat the ourves for any oae air spsei spproach psrallelimm ia
the direction correspond ing to the dive sngle O\ feor which o, = O at thet nir
wpoed — 1.8., for vhich Cou o/ J %cxt0°/(380 xnots)®. 'hﬁo coastructed on
the basis of YEF data, the errors givea by Figurs 6 are mocrate to vithia 8%
for the SB2C, and to within 158 for the ¥ and F4U, The sctual value of of
for any type of plane is obtsrinabls from Figure 6 »nd the relatioa

‘Sa. = Ca(xir) < w'/‘"FsF WF

6F )

which follovws from (1€a),

Yhen, on ths other hsnd, part or sll of the correction 1s 3ede through
sn integrator mjusteesnt (€. ), § ‘s the smm of this du » o8 Plotted ia
Tigure 6, and an eTTOr AS « 5y + & 5 S Cac®(-'+ @/ @), propertional te &,
whish would result if angle o! attack wvere constant, The saoumt of this second
error por nil, i.e., 4 § /F 10 plotted plotorially in Figure 7 as = furction
of rslssse point, azain for air speeds 350 + 26 kneis. The 20Kknot ourve
merxed A§/ f » O 1e of cowes 1denticel with that curve ¢7 ths, family of
Tigure 3 which passss Shrough thepoiat 3 = 7500 feet, of = 40 , = 380
knots, and 1s therefors She locus of €. /f = ® = 0.7 per an1,

fhe resldusl error ¢ fer the general sase 1s given by the sum of the
orrore as zivea in Pigures 6 and 7, the lxiter deing a fumctisn of the s'ght mie-
aliznment @& te vhich the integrator adjustment 1s applied. Vhen tho sight ideelf ™
is sdJustadls, may be givea aay pre-deterained vrlus by meaas of a oreliminery
sight adjustment, TYigure 8 is a set of contours of § , obtained by cemdiniag
Yiguree 8 #nd 7, for diffarent values of ¢ bVetween - and {20 mnils. The scale
is the same as in Figures 6 and 7, but ranges rud dive ansles outeide the mest
protadle opersting 1imits ® sre exoluied in order tc facllitate analysie of the
errors 1ikely to be sncomntered in practice, The ocentral grapvh (o), which 1¢
for @ = 0, 1s tAentical vith Figure 6, except thet the cortowr interval used in
Pigcre & is S0 fees.

The complete eolution of the above example 1s obteinadle from ¥iguree
6, 7. and 8, The peint Q ia Piguree 6, 7, and 8(a) represents ( S, = 12,000 foot,
of, = 80°), Interpolmtion bDetwern consecutive srror curves for \ s 378 knots.
¥tk $ = -20 aille, glvas repectively , = /90 feet, AS Ty + Jo (.3
feet per mil) » (20 wils) = £60 feet, § = #1080 feet, in axnot aqreement ¢ith
the solution {14).

A stuly of Figure B sheds much 1ight on the relative merits of the
sight adjustaent and integrator adjustment sethods and of various eubinations
thareof. The genaral tread of Figurs 8 may be predioted from Pigures 6 and 7.

* The operating 1imits assumed here are ae follows: Ninimx dive mnrle 20°, mini-
mxa slant renge, 4000 feet; maximum dive angle 80°, mazimom secomd rltitude 10,000
fost, and maximum s}ant Tenze that wvhich, »wecoxrdiag to Repert: 0D.8P:105 (Pig.2)
would correspond o 100-foot borizoatal error at N3O knots for Mod 0 domd dirsctor,
Phe point P (5 = 7800 f%., G = 40°) 1s olose to the “eeatar of gravity” of this
operating region.



FORAL

Yheu sitber CA or |/ increasss, according o Pigures 6 and 7, o, izcresses,
whereme A § "decresses or incresses nccording as ¢ le positive or negative;
these two error components thersfore partislly offes$ wvach other, as reg-rde
varistion with &4 and YV , vhen ¢ 16 positivs, Mt incresse the tolal error
vhea is negetive. This odservation is dorne out quantitatively by Figere B.
AY @ = .20 alle (Figure B8a) the curvoc are densily packed, indicating wide
variaiion of residual error; within the cperating liantte end for *25_knot varia-
tiea 1n |V, & 1c ssen t0 viry approxizately betwesa -200 ana 4130 feet. Ae
incrseses the cxrves decoms sparser, until at ¢ = (20 (Pigare 8¢) £ Vo=
semes practically indepenient of eir speef. At @ = 10 mils (Figure 64), while
deing somevhnt mere depemient on elr speed, o 1elimited to L5C feet throwgh.
out almst the entire operating region and at a fixed elant range sesms to de
almost independeat of ¢ . The corremponding veristlon at P = o (Figare 8e)
15 aleo Detveen the limite of {80 fest, nnd more inicpeniemt o7 slant range, In
a1l three ourvse (o), (2) and (e), ths worst error ownd {tione cocur ia the vicin.
ity of D" and maxisoa range, the voxd falling ehort Dy an ameunt which eporontes
100 feet, These results would, of cow se, be alterd sosevint if diffsrent val-

uee of y X e ¥ vere used in the adjustam ¢, dus the general trend
would be entirely similsr,
OOFCLUSIONS

Alroraft whose sights are edjusted to0 Yo correct for mashine gum wee
have oight ntewl ignmemts which aversge about -30 mils for toos boeding, Ia view
of Figure 8, correction of errors of euch magnitude )y menze of an WPI (A7c /72 )
sdjustueat alone is highly inadvisadle, as this msthd mekee the ionact poiat
very sesneitive to ohangve in range. dive angle, and air espeed, Adjustment of
the eoight iteel? brings much more doudiug accurmncy vithia wids lirite, and seeee
to give an adjustnent roughly indepcrient of elant rnge.

Rqually favorable results, however, may be achieved 1f n coxsination of
sight and integrator adjustmsnts is vsed. In this witnod the sight e gver-
alloatad uatil minal igned by about {10 to 430 mils, und thie cisaligomsat is in
turn corrected by an NPI adjustment, The optimmm sitht sdjustment depeads oa
the ohoios of 2 =dsl value of S , & , and VY, Dut vhen these are 700 fz:t, 40°,
spd 360 knots, the miniwum vrristion of ispact error with 4ive Angle 10 resched
at am oversdjustaent of sppicxlaataly <10 ails; with piy spged At approximetely
120 miley and with glant renge at spproximately O mtle (sight adjustmen? alone).

. The effect of this coudinad ediustment is to cffuet the offeot 2f
ohanges in angle of attack by senns of ar integretoradjuwsiment oo detersined as
3¢ counteract suel veriation. An additioral advantaze of this meihed lizs in
the fact that, in practice, stesper ¢ ives are generrlly asccompanied Dy gr.-~+r
air speede, 8inon an incresse in either dive angle or alr speod inerensec the
srror dus $o chansee in sngle of attnck, it followe that a eoight adjustaent
alone would makre the ifmpact point doudly sensiftive t chease in ch or v ., The
combination method reducds the veristion of J with boSh X azd VV , BHowever,

¢ Except for small dive sngles.
89008-.10



it the miainization of the varietion of & with slms rasge st fized values
of oA smk V 1 gonsifored more importans, only Va aight adjustmeat, i.e,,
@G = O .« Sould e made,

The abevs ¢holes of molal values S, A . V , adout vhieh the
adjustaents are 1o be mede, apperrs to e setisfacterily esmtrelised with re-
peet %o usual operstional 11sits. Aay decreass 12 § VWelov 7500 feet weuwlid
neke positi™s valung of A5/ F (Figwe 7) coneM erably more predabtle then
Begative valuss; end = :145ht increase, perhsps So 8500 feet, womld yisld o
onevhat detter balanced distridution of errors.

In practice, however, grarter mccuraay is the sight sdjustmeat ie
ashisved at dhort ranges, Since angle of sttask 1is indeperndeat of range, ai-
Juetnent of he sight at & , V , And a renge leas thak 5 would net affeed
‘he result. The WX gAjustment (A7: /7c ) ocould them Ve made a8 5 , X ,
and v/

IS 18 8l » recosmendsd that thiz comdination methnd of »ight correc-
tion e tested in {pye 1612, to deternine She agreement of thoory smd pPraceioe
at 4ifferent valuey of . Im eny sush Sssts, however, ocne ®muiioa is de.
lieved %0 be in order, ¢ ispact errors wiih which wve are Rars concerned are
comoarable 1n mar:ituwly i1ith errers dus $o snch factore as pilot aiming mmd 2k
ue of approximats (i _functions. A difference Betwesn Swo edesrved icpact
wrore, for th¢ eang pisne unier 41 fferent conditions, will de spproximately free
of somponeats due % other fectors, aod ir therefere wwch more relisdle fer Shis
PEPCes than mny single sbeolute obeerced error. :

The resulty of Shis analysis, furthermors, de-emphaeize the necessity
for oxact alizment of the flighs and sight lines, Aa approximate aligmment will
gmarally suffi0s yrovided the error is on the s e of over-sdjustment, which ie
waksequntly corFected Shrough an KP1 sdjustment.

8, K, Lachenbruch
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Spatial Comtour Map of
RORI20NTAL IMPACT ZRAOR (bg) RFSULTING FROM A GIVEN SIGHT FRROR ()

(Range-dive angle oontours of constant ratio 5,/¢. ar indieated)
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Spatial gontyur Mep of:
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Snatial Conteur uap ofs
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3patial Contour Map e..

JORIZONTAL IMPACT ERAOR (46=864+6.), NOT INCLUDING TAAT DUE TO ANGLE OF ATTAOK,
RESULTIM. FRON FIIED KPI “OJUSLMIRT (€.) SO DRTERSINED AS TG OFFSET A SIOHT
YRPOR (@) AT SLAMT HANGE 7.5 ®EIOPEET. DIVE ANOLL 40°, AND ATRIPEID 350 ENOTS

(Range~dive anglas oentours of senstant A6/g, a8 imdlosted)

AIR $PFEDB K=3
RO et — — (S1ight dependenty oa K)

DIVE RNGIR

10

ALTITUDE IN  KILOPEET




b

8 sanyyy

$)e Q- =g

£=3 /M!:!x 5LE

. " . » — — s3youy Qn¢

3GT 00 'CT "dx S80I, = — — — gjoux cCIs
YUVTd 9

SQueds MIV
e (408 JO S3TUN UT TEAT2
£77 T{ TWLOT43J6i0 LIULTA * @ 1uPAALID SO SINOU0D STIUC eATn=9Tut )

IO 05 TN tIv P CL0%

Gl 0 f

CLURIPTIASY L L NS Y (9) ERES) &)
MCAIN ) Y Y TG 08 LLUSerTY Ln & X1
TOUL SN2 1t0S3¥ (RUATSZY) L 1 0 i I TYIMOLINON

(30 14 .. 9 $340974 jo a3i1sodwog) IV anvjuer [RIIVAG



Flouy osg v

40]2M4)p quieq O POl 4oy
36U va wnwirvm 02139409y |
dvbar, »*

v-nc.u anp 09

Ko

Sllw Q)+ zp

__‘ -
—
— T

&
a

_.WW

(F)

——

-

bt




THE END

Microfilmed
by
The Library of Congress
Photoduplication Service



e : e = -

Rrmed Services Technical Information Agency

){ IT HAS SERVED
ation

Because of our limited supply, you are r { ‘

s equested to return this copy WHE .
YOUR PURPOSE 50 that it may be made avzilable to other requesters, Yo ©09P%%
will be appreciated.

N
A . I I‘I
I - - . >

NOTICE: WHEN GOVE 'R OTEER DATA .
A RNMENT OR OTHER DRAWINGS, SPECIFiCATIONS INITELY RELATED

ARE USED FOR ANY PURFOSE OTHER THAN IN CONNECTION WITH A DE
- GOVERNMENT PROCUREMENT OPERATION, THE U. 5. GOVERNMENT THERCEY TEUDS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACC S "o non

| GOVERNMENRT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SU7Cn o0
"} SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGATD OTHER
4 IMPLIGATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLU”~ OR A7

PERSOK CR CORPORATION, OR CONVEYING ANY RIGHTS OR .PERMISSIOY, TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RFLATED THERETO.

: Reproduced by o 2
ENTER
G

s

——

—
v

DOCUMENT SERVICE .
. KNOU BUILDING, DAYTGN, 2, ﬂlll




	AD038250_Page_01
	AD038250_Page_02
	AD038250_Page_03
	AD038250_Page_04
	AD038250_Page_05
	AD038250_Page_06
	AD038250_Page_07
	AD038250_Page_08
	AD038250_Page_09
	AD038250_Page_10
	AD038250_Page_11
	AD038250_Page_12
	AD038250_Page_13
	AD038250_Page_14
	AD038250_Page_15
	AD038250_Page_16
	AD038250_Page_17
	AD038250_Page_18
	AD038250_Page_19
	AD038250_Page_20
	AD038250_Page_21
	AD038250_Page_22
	AD038250_Page_23
	AD038250_Page_24
	AD038250_Page_25
	AD038250_Page_26
	AD038250_Page_27

